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Introduction
One of the RAN1-lead objectives in the NTN WID [1], [2] is uplink timing enhancements for NTN which has a direct impact on RAN2. Some techniques for uplink timing advance and RACH procedure have been identified during the NR NTN study item phase [3]. 

In this contribution, we provide our views on the topics of timing advance compensation, timing advance command and RACH enhancement. 
Discussion
NTN Timing Advance 
In [3], multiple architectures and configurations for satellite networks have been discussed. These range from transparent to on-board architectures with a GEO, LEO or HAPS based satellite configuration. Each of these configurations yields a different propagation delay due to the vast differences in cell sizes and/or where the gNB itself is located. Though the values themselves vary per NTN architecture and configuration, the full TA (Timing Advance) is calculated as a summation of the common TA and a differential delay. The common TA impacts the PRACH procedures, though the acquisition of this value itself can be done in two different ways as described in [3]. 

Observation 1: The common TA impacts the PRACH procedures. 
Timing advance compensation
[3] discusses a couple of options for timing advance acquisition. Using its location and ephemeris data, the UE autonomously can calculate the Full TA. This is called Autonomous TA. In the case where the UE cannot calculate its TA autonomously, it needs a network indicated common TA to be broadcasted per satellite beam/cell. This allows for both kinds of UE (those with autonomous TA and those with network indication to both perform the initial PRACH transmission.

Proposal 1: For UEs with autonomous TA acquisition, the full TA is applied for PRACH transmission. For UEs with network indicated TA, the common TA is applied for PRACH transmission and is provided to the UE by the network in a broadcasted manner. 

Considering the possible inaccuracy of the self-calculated TA value, additional TA signaling from network to UE is beneficial for TA refinement. This TA command can be either in random access response (RAR) or in a separate MAC CE. For the purpose of this discussion, we prefer to use the existing mechanism of TA refinement using RAR as already defined by 3GPP [4]. The TA refinement procedure is the same irrespective of the UE using autonomous or network indicated TA. 

Proposal 2: For UEs with autonomous TA acquisition, additional signaling for TA refinement will use the existing RAR procedure. 

To support TA indication to UEs, network broadcasts common TA which is calculated based on the distance between a reference point and gNB. It was agreed that a single reference point per beam is used as baseline. It is open whether multiple reference points per beam are used for common TA calculation. The introduction of multiple reference points seems to complicate the system both in terms of network having to calculate the TA as well in terms of transmission of the TA to the UEs. Hence, it is not preferred to introduce multiple reference points per beam for common TA calculation. 

Proposal 3: Only one reference point per beam/cell should be used for common TA calculation for ease of implementation in NTN networks. 

Timing advance command 
From [3] that the maximum differential delay is 10.3 ms for GEO, 3.12 ms for LEO with 600 km altitude, and 3.18 ms for LEO with 1200 km altitude. These maximum differential delay values exceeds the maximum TA value currently existing RAR message. Hence, changes are needed for the TA command in RAR.

Proposal 4: The TA command in RAR needs to be enhanced to indicate larger TA values.

RACH Baseline and enhancements 
NTN cell has large differential delay due to large cell size. This large delay will make basic procedures take longer than the similar traditional terrestrial procedure thus incurring latencies for user data connection request procedures. So any reduction in procedural steps will ultimately always benefit both the user and the network in terms of latencies. 3GPP has defined a 2-step RACH procedure in Rel-16 [5] in order to ensure that wherever applicable and possible RACH delays can be reduced. In these NTN networks, where latency is large 2-step RACH will reduce the additional steps needed leading to various advantages.

Proposal 5: RAN2 to consider 2-Step RACH as baseline for all NTN RACH procedures.
Conclusion
In this contribution, we provided our views on timing advance enhancements for NTN. Our observations and proposals are as follows: 

Observation 1: The common TA impacts the PRACH procedures. 

Proposal 1 For UEs with autonomous TA acquisition, the full TA is applied for PRACH transmission. For UEs with network indicated TA, the common TA is applied for PRACH transmission and is provided to the UE by the network in a broadcasted manner  

Proposal 2: For UEs with autonomous TA acquisition, additional signaling for TA refinement will use the existing RAR procedure.

Proposal 3: Only one reference point per beam/cell should be used for common TA calculation for ease of implementation in NTN networks.

Proposal 4: The TA command in RAR needs to be enhanced to indicate larger TA values.

Proposal 5: RAN2 to consider 2-Step RACH as baseline for all NTN RACH procedures.
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